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(54) METHOD AND DEVICE FOR TRANSMITTING SIGNAL IN COMMUNICATION SYSTEM AND 
TRANSMITTER AND RECEIVER USED IN MIMO SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method and a device 
which can process signals to be transmitted from various antenna, 
for improving the capability of a receiver that extracts these 
transmitting signals from the received signals, regardless of some 
correlations in a MIMO system. 

SOLUTION: The number of bit streams to be transmitted 
simultaneously is adjusted and decreased, according to the 
correlation level, and at the same time plural versions of every bit 
stream weighted in various ways are transmitted at the same 
time. These weighted versions are coupled together for generating 
a single-coupled weighting signal. A receiver processes the 
received signals, as through all signals arrived at a receiving 
antenna with no correlation. A weight vector can be decided with 
a forward channel transmitter, by making use of the channel 
characteristic of a forward link that is notified to a transmitter of 
a forward link when the channel characteristic is transmitted from 
a receiver of a forward link via a transmitter of a reverse link. 
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$m £ -r i is^^^fe 
[11] 

<P = U t diag U M , A ~) uaXft&WZfcm 

H&2] 



Ate, A=diag U\ .... A") £LT5£^£;h,5*t 

*\ .... A"^ H* (K") H<0#S*rfirC£>9, 
MIS, «n^A^*«Oft^^i-6*ifoS^«<ojk 
9, 

diagfi. «*fc;ra^ n^"JO<7)^>Pj-^^^3i V 
fT^J^o^J^ <J>= [zi, .... zi ] ici:^^^h, 

zi= [zu Zi.] frhKK), i^l35^N^r* 

iis^jgi e ] Lis osft^7 v^^-^^e^m^ 
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b y -A0> o h(D i o^^-ra trnxo^m t sr^-ra 

i£ff 2 ft#5M:£om^O»£>#* ^LTi^ff £ftS 
^v*— by— A£ s t*— 

b y-^fcfct? Nis^s^Jt^ttfc^^ h y 

h y — b h<o i o^r^-ra fc*>o#j£ * £w-ra 

(D^mztttz t zimt -rssa*^ 7 settle, 

©#s«r*o r t «r»»t -rait *s 7 aattcotttL 
b*#* 1 0 ] miB&matt* mm^ztm-Tztz 

asm &*mz®L$L(om^<DW<D&* \cm Lxmmts ft* 

>ft^#^ K*tLT, h y -^^^ £N 

f^maT^-t<D&*\cttv,x. me.-y-7*b 



imxm 1 2 ] «rrae^$jxfc*^#^^ h y - 

AO#>ir ^r^-rafc^O^^/^T^D 

1 3 ] mdj-+vym&zfrtd&&£MzM 
iit*gi nemo^mm, 

1 4 ] ^IBS^f^, «TBffi^l«J^^^/w^ 
ft, «^^^^*/^*UX(^2Hi«lC^$ft 

—74 y v^-ra^x ^^^, 

^> = U , diag (X~\ .... AT Ucon^JO$r^ 

T^>t). j «lA^N^T*0^fc-Cfea^iE^t:^ft^ 
Mfr"^? h/l^Wi= [wii, .... w«] ^Mt6^r 
•>^tJC«tl9^$ft % r^T. 

@^r-<^ bfrxM. 

Afi. A=diag (A\ .... A") ^IT^^ 
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pit. &m£tizmjj-?&>*). 

fT*OG<0#*IJWu <D= [21, .... Zi ] ld<fc!9^3*L 
zi= [zn Zii] ifil^^N^-C 

a, 

1 7 ] ifI15^mfc«tU^:^fl^^J#fi 
(TDD) OTUIfll, WIEfi^fi. trnSi^fi^ 

1 8 ] Lm<nr t > 
ewssfiatct ^Sim^x^m^^^Mzm- 

t zm-r* - £ ^t«M I MO^rA^t 

£ -tsm i mo x a ^-e^-rs fc«xoi£«8L 

me.&mm\z£ ^^m^x^m^^^Mzm- 

ffim&mm\z± Q&mzfrxrt^mxfa^ZMzm- 
z ixx^zmftfa*}-^ *Mctt^z>^^ */itt^(D 



m,Z£h \z&t* r t SrWKti- SM*«2 ofa^cDg 

[fl] 

^ = U , diag ( A ""1 X") U<Dft&}<S>&fem 

[3&2] 

Att, A=diag (A 1 , .... A") k^XTtmZftZtt 
X\ .... H ? (K 1 ) H^#@WfilT*fe»3. 
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ICRS^U- *X$>^ 
Xfc«3, 

diagram ^u^^^r^^w^v 

tT^J^^^Ms 0= [zi, .... zi] 
zi= [zit Zii] fab***). ittli^N*-e 

N^fa^**/V£:frLXi£f^ 

$^mf§r&M&*rZX : TvZf(D— 3fl£UX. itrl5Nfg(7) 

and £^3^£^m^M<7>3&£&^ s^f^ 

fr^H* (K") H = U , A'U^<^75/^, 

[f&i] 

x '"- v -Tk y 

<I> = U t diag U M , .... X~) uvm&iQZTEm 

F/bwi= [wii, .... wu] £r£jj£-t~<5^x 
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A=diag (A, 1 , .... A") ttTtl^^ 
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kit, i*^M*-cofi»o«»-e*>!9, 

*<DT-*=l* > h&JEXfrZ £ #T— > h if*: 

fr*UG<z>#?y«u <P = [zi, .... zi ] lcj;*)^£;h, 

zf [zii, .... zii] ir±l*»6>N*t» 
[000 1) 

ogfia«^x«$fc<7>r i/T-r&mm'tz v^^u^ 

h*7y Y (MIMO) ^^AdM-rSo 

[0 0 0 2] 

YzfyY (MIMO) v^^-ktt, '»^U7yrt, 

C <h J&*X£ 6^<t^r 
\C^^XX<^ihthX^^ 0 
[0 0 0 3] 

*>ic. -7/vfy/i^fl7yrtl^tt5§^^^ 

£i£ftB§fe&*#v^ ? # y * * y ^^mhus 

W-T^m^, *LX*<0±5*««a*ft«3ft5»£\ 
[0004] 

i^i^^t^ycfe^s] a^fi, v*< taxation 
mzmm<omi*$±v®&znz>± 5ic, mimo^ 

xA|c*>V^xm^-$r^r6^^^Lyc:o ^^cD 
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■£\ V^fc>i3>3 r^ff^<^ h/^ (transmit vector)j 

tm ■** fcv * «fc 5 K $ IP! C <fc 9 MHB $ ftfcfa » 

[0005] *mw(Dmmmm\c&^x, b& 

(weight vector) tt, i&frfiy V^aSfW&KJ: Dli 
fry V^^^^/i^^^ffiUTIl^^^^/i^fa 

[ooo6] m*^? b*&&i£Tz>ttit>\z&im£ftz> 

fr^Kcovariance matrix) 3rl3 34§ -5 0 
[000 7] 

K!>xri^ii§j/iy7 h^^rtonai^y^ b*> 

[0 0 0 8] tLtc, \^o±y^j Iktcn rnyfn- 

^ ^S^/PV^-*Vl^r»-feyfr (DSP) K£ai 
(ROM) , 9>yj±7?-tX**rV (RAM) ifcitf 
[0 00 9] &&(D&£Tf/&tzte*X*J*<7>{&<D^~- 

D^AP^^oima^ mmoy^^\cx^^ 

[0 0 10] ai.fi, H^[6]^Y^/W-h$rL{@^mr 



-t *^**r*- *m i mo >^ *r a id *$ v ^xmm 

[00 1 1] gmcja^T, a) ^r/l^:/l^-*r (de 

mux) ioi. b) rvftfltf^^p^ioa-i 

&V^1 0 3— N^t^T^T-rm^T^^y^l 0 

3. c) l^wasi0 5. d) ryfti0 7-i/j: 

V>L 1 0 7— N^tPN^^T^^l 0 7, e) 1 1 
5— lfcl^Ll 1 5— N«rfrtr7 f ^/V/r^ni/3>' 
* (DAC) 115, ^tff) ry^aWW 
1 1 7— lfcl^Ll 1 7— Nfc'fttfTV^aV*-* 1 
1 7^^^x^6o 

[0 0 12] f^/uf^u^fi o Xtib\^X*r 

\cx^>. mxy*-*^* hy-Atuim 0 i 

ocDx— h y— J±$K s f*?A' s f-~7\'9yr 10 1 lei 

p0#tci^fa$nse -y b* b v-j±<Dm\^ mmz 

[0 0 13] #^-^-ir^ h y-Aji x 7y7t{|^ 

5o ryrtff >f ^<d 1 0 3 <D p tjO^^ 
M&^vy? 1 0 0 9— NGD5^<£>lo 

1S±U%\1B$£1 1 1— 1^V^U1 1 1 — NCO 0 %<F> 1 O 

^tfo ryrtflf r-f 1 0 30 3 

9£0 9^<0 100^(0^fi[||l 1 3(D&*\zmj££th 

So 

[0 0 14] fi^#^lf 1 0 5lt HI&§£1 1 3^>!r 

^a^fa$:^reo *mm<D-mmmc&^x^ m 
i&tgi o sic^^HSo *mm<r>— Mffiic&oxm* 

[0015] ^^l l 3^(i, ^iit^mi~^ 

a^ifi, ism& \ 1 1^9 ^<7>^*vett, i oic^^h 

5o i 0 9 0>R#@(O^IS^lcJ: 
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[0 0 16] 1 1 1 **U£A2i£J'b5 

ra#£APjlU »<b*t3S!«\ DAC1 1 5(7)?*?^ 

<omm-tz*:ti?tii<>\cmj3bi,xmm-z> a dac 
1 1 5<o^ii, %m§&i i ieop*,oiod^-e^ 

>- K«#fc3Bft-*-* 0 DACiis^ia^^f 

*l$7to//<-^^Kfl^ 7^aWWl 

-^icr^^>/^h-t-a e 7^^3WWi l 7jc 
[0017] i2ii, *»wo®»^«o-c«rt*n/t 

-f"o a) 7yft2 0 1 — 1^V^12 0 1 — L 

^tfL^tor^^-2o i, b) ^-)y^y^-^ 2 

0 3 — 1 &V>L2 0 3— LSr^tf^ V=r * 2 O 

3, c) 7to //r ^^^^ y/<-^ 2 0 5- 1 ^V^ 
12 O 5-L^7tn //f^^^^y^-^ (A 
DC) 2 0 5, d) mi£TtmftWtfT&\&£Xfi^*/l> 
Jt^^y h 2 O 7, e) ^ttfcfi*.ffSMl2 O 9. 
*$J:tff ) tt*ttfc;*-f 5^2 1 l^-r o 
[ooi8]7yft2oi^ii, 

u y<? >=t 203 ^o^ix^co§ra-rs 

«\ ADC2 0 5(D^£Dg|^-rS Io^^t5o AD 
C2 0 5^H -til^SfiLfc^— ^<>K7tn 

0 7 ^{&&-r6o 

[0 0 19] *^^5MRn^l*5j;tJ«^-t*/i^£:«^ 

- y h 2 0 7ii, a**>*an\ ^vmimftmnffiz 
nna. m^commr^^xim^co^mr^-r 
[0020] ^m*ftmtn(nm?Em& x im&jfaftw 

^*'\>>!&&<Dffi£m&. ttttt*l*fl-JB2 0 9 Id 

(Bi) o ^F^^n^j^m^^ x xm 
ttimfr* */itf&(omj£mm*%\-B& 2 0 9 ^ 



m mi) tzmrtz. 

[0021] Jain. *m\<Dmmcfe<>x^ v>< *>a> 

^^Sfc&O^ft^oi?*^ ^d— 
[0 0 2 2] mZ(D7v**\X. MifcJ:{;2^A-K 

60 ccx% #&s§2 1 m&=fm^mfm^x 
tf^-r */wt#3-= 5/ h 2 0 7 ic^£nx*5 »? , iim 

So 

[0 0 2 3] mit Afflttlctt. l3*#l::J:0J:<fci 

y^rmmz&^xf&tzfiZo ^*/M#fea*s*jrc 
h%&m(7>&£&tobthX\<^k. omnyi*— a^l 

[0 0 2 4]l3^ p t^H #7U—-ktf>te*0l;: 
^2/^30 3 lc*3vvt, SflM^^JtS^FfiMt^MR^J 
->h20 7 (M2J &X b fc«£*f 

0 5^c^i5v^x (ms) % =Fm$ftmrr&iK.' *5«t^^ 

[0 0 2 5] ^75/7'3 0 7m^T > ^i^Ll^S^^ 
§S10 5 (Ml) \Z.XV. S^wi= [wn, 
wo] 2S§m£ixSo CCC. 135^N^X*^ 

a) Htt^^/l^t^fT^J, 

b) H f tt. ^-V^/^^T^JH<O^^S^^JT*fe 

[0 0 2 6] c) K" tt, ^g^attfm 
d) UttffifT^ ^^#^Jtt, H f (K 1 ) HOif 
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e) Ate, A=diag U\ ... , X 1 ) t LT5£»£*X 
*aWM?*U-C*>!K A 1 X'l± y H f (K*) H 

o#Hw«re*>o, Mte, ^nHW«^*arc*> 

f) u f te, ft&\u<D&mmft&\~?hz> 0 

[0 0 2 7] tLT, J:<fcie>j|xfcV\bi$>3 
-7^!)y^ (wat erf il ling) J ri\ v \ZMVXt&&& 

m&X~± (v — i/ U) *) **3j:tf 

[ifcl] 

T\ kte, Pte, j£ff£H 

+te, *<DT— >h&&X-$>Z>kZ-&v 
\^m*), *<DT-*~* >h&JEX$>Zt$T— 

h/PIW5«**«t'l'l«IMrtfc5. 
[00281 LV^"J<I>te, 0=U f diag 
U~! .... a.-) UtU-CJMI**U diagte, fife 

#*Ufi* *Mfc*rtlcS<SV^ * = [z>, ... , z.] 

[zn, .... zw] tUt, fift^* WW 

wi= [wu, .... wii] te, hMcmv^x 

[0 0 2 9] ^^^3^3 0 9JC^5V^T. AJjy*—?* h 

y-As (t) (ax) te, witff^^u^iM 

(M3) , m&<<? h/Wwu, .... wuCD^Jve 
J*(0&¥y hte, ^CD-eiveiv7)fi^-<^ h/U^O 

s*<o#* tmwztux. v y-Aic^t-ra 

[0 0 3 0] ^7^3 1 3(C:fc5^T, Vzf* h V — A 



J^^ttfcfi^ttlf y hte, m2(DT>T-f-<Dtom%slC 

h y-i* t^^ 0 cixte, m**, 

[003 1] MJ:te, ^^^S^oT, 

[0 0 3 2]i4^Pt7|i > MJL*5 «fc O 5 2 K 

* * r *m$^ttm\<r>nmm\z.&y< ^x&m $ w# 
5 0 rr-c, £&t*2 1 m, m^tf»^2 0 9tc^ 

[0 0 3 3]il^ p ^^ A<7>^*}|C 
*5V>X, ^77^4 0 ltC*5V^X^^i^5 0 ^ 
^ .y^4 0 3^*5Vvr, ^faatC^otte^F^^tt^J 

£tf ^20 7 (13 2) fOJ: 9 KMJf 

fay ^?<D^mmtpX&:l££ivZ> 0 T^T-y-f* 0 5 (C^ 

,= [w«, wii] tmmzfrZo Mctm^n, m 

[0 0 3 4] flOl^ ^J^H* (K") H = U f A J U 
a) Hte^-t^/U^ft^lJ, 

c) k" fi, ¥9m&Kff&k 

d) UttWfTR t^>^Jte, H f (K 1 ) H^g^- 

e) A«:, A=diag (^ ! , ... . X 9 ) t LT7e^£H 
6«AfT^re*>!7. A \ ... , ^"te, H f (K*) H 
CO^SWMT^D, Mte, ^D@W{filc0ft^X-fe 
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f) U* 14, tT^JUC0^SteetT^J-Cfe5« 
[0 0 3 5] IT, £<fc^*V*:l^*$><5 r**— * 
— (waterfilling) J *K vi:tU$4* 

[ii] 

k 

X\ kfi, 136^M*T?«>«E«0»*. Pf4, i£ff£;h, 

^^mwcms^u- #A~f4, &a 

[O 0 3 6] fcfLV^fllfcW:* <P=U T diag 
U~! D Utttti^ diag 

f4. f&^Xtf^V h V&^vX+tbZ>ft&}(D^tt-n<D^- 

\s*>-hk Lxm* tax" ffil^Ha w t ^-To 

tT^J^O#^Jl4, *{fcm*JKg<5V>T, <P = [zi, ... 
, z.] fci^SftSjEateSfrfcfi*^ h/^t 

T^ffl^n/a^-<^ h/w4, iisuom^z, Zi = 

[zu, .... Zii] frbt£Z>* -ett, b/V 
w,= [wn, wa] i4, fi^-<^ h/MCfiJt)^T 

[f&2] _ 

xfct). jf4i35i^N^T*c^c-efe6o 

[0 0 3 71 *:<D'&. 0 7lC:fcV^X, 

na G a^f4, s*#$£SSio5 (mo ^iciect^n 

[0 0 3 8] ^75/^409. (HA) f-*5V N "C A?37* 

h y-As ( t ) (iix) *4. ^jxiifx ^/v^^ 

U^iM 0 llc±!9, NiW^xhll- A Si... Si 
(C^^ixSo h A<0#*f4, ^7 7^4 

1 ll^V^T (1^4 ) , fi^"<^ h^wn wa 

(D^JveixloX^^^iX'So --X% if4, l^bN 
*Xtf>ffl&X-fcSo &H^*Uf. &¥fJ£<Dy?-* * h V 

^&*<!:Jfs&£ixX. ^-^^ h U-A|cm-6N 

[0 0 3 91 X^2/^4 1 3lC*5V>X. Vf* h LI — A 



x, mi<om&frb&^y'*hv—j±\zttvx£&&ti 
f&z*itt&*ttrt try hit* 4 &2<r>Ti/7~r<Di)m&\c 
h v-j*t>nv tttZo c^f4, mak mm\^ 

^4 1 5»C*3V^X»T-*-5. 
[0 0 4 0] *-o^^^/w^riil^ffi]^^^*><tT^iS 
^^-r^/KO^c^tux^-r^^^S Tb#5t^J 

-fij (TDD) ^f^^^rat^fc^^ 

^sij<z>hj6^is^*3v>x, ft^«f^ttn !7-r 

-VUJ* y V^<D-^(D^tCioV>Xl^^H#^o m 
(4, I^C^^^^*y^lR^^^*/i<feJ:t^*|p] 
^*/U3fts*fflU v>i a ix^-^lcioV>x^SJ- j e 

[oo4i] ufc^ox, afe*iRif i ir*/wa(i»^ 
mzmft£tt±x<o^**mi£&mm-zzk&x 

[004 2] 

Ha®^>fflsm^ittW] 

j*\c&\,^xmm^tt&<7m^z^Tztcfr<Dm^ 

[ [32 ] $^OTC^oTM^hfcM I MO^ 
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